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ing the data store, respectively, to a network
manager and to the individual network el-

ements managed by the element manager.
The data store comprises a network of cells.
Each cell is connected to at least one other
cell by an individual communication chan-
nel and each communication channel per-
mits two cells to send messages directly to
each other. The network of cells includes a
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AN ELEMENT MANAGER FOR A COMMUNICATIONS NETWORK

This invention relates to an element manager for
managing individual network elements of a communications
network.

A modern network management system for a
communications network comprises a network manager and 2
number of element managers connected to the network manager
and each of which manages a large number of individual
network elements. A network management system provides

various management functions including fault management,

event management and configuration management. Each element

manager includes a data store which holds data on the
individual network elements managed by it. Presently, there
is no satisfactory way of representing the relationships
between the various network elements in the data store of the
element manager.

According to one aspect of this invention, there is
provided an element manager for managing individual network
elements of a communications network, said element manager
comprising a data store containing data on the individual
network elements, a first interface for connecting the data
store to a network manager‘, ‘and a second interface for
connecting the data store to the individual network elements,
said data store comprising a network of cells some of which
represent respective individual network elements, each cells
being connected to at least one other cell by an individual
communication channel, each communication channel permitting
two cells to send messages to each other.

In the element manager of this invention, the cells
which represent individual network elements together with the
communication channels represent the relationships between
the network elements. '

Preferably, each cell has a function part which
controls the function of the cell and a data part which

contains data.
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Conveniently, said network of cells includes a sub-
network of cells which collectively hold infofmation for
managing individual network elements, said sub-network
comprising a group of cells arranged in a hierarchical
structure and each of which represents a respective one of
the network elements and another cell which contains a
mapping between the individual network elements and
jdentifiers for the cells which represent the network
elements.

The principles used in the data store of the element
manager may be applied to other types of data store which
contain data on individual physical objects.

According to a second aspect of this invention, there
is provided a data store for containing data on individual
physical objects, said data store comprising a network of
cells some of which represent respective physical objects,
each cell beipg connected to at least one other cell by an
individual communication channel, each communication channel
permitting two cells to send messages to each other directly;

This invention will now be described in more_detail,
py way of example, with reference to the drawings in which:

Figure 1 is a block diagram of a network management
system for a telecommunications network which includes an
element manager embodying this invention;

Figure 2 is a diagram of a software cell used in a
data store forming part of the element manager;

Figure 3 shows the relationship between a software

cell representing a network element and a set of other cells

which contain data relating to the attributes of the network
element;

Figure 4 shows the relationship between software cells
representing various network elements;

Figure 5 is a diagram of a sub-network of software
cells which perform a control function within the data store;

Figure 6 is a diagram of a sub-network of software
cells which are responsible for creating cells which

represent network elements; and
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Figure 7 is a diagram of a sub-network of software
cells for performing a filtering operating on cells which
represent network elements.

Referring now to Figure 1, there is shown a block
diegzram of a network management system for a

telecommunications network which comprises a network manager

10 and an element manager 12 for managing individual network

elements 14. The element manager 12 is connected to the
network manager 10. Although not shown in Figure 1, a
network manager 10 would normally be connected to several
element managers. For reasons of simplicity, Figure 1 shows
only five network elements 14 managed by the element manager
12. In practice, an element manager will manage a very large
number, perhaps tens of thousands, of individual network
elements. Examples of network elements which can be managed
by an element manager include a telephone exchange and its
various component parts and a multiplexer and its ports.

The network manager 10 is implemented as a computer,
the main software components of which are shown in Figure 1.
The software components include a data store 16, a control
section 18, a CMIS element 20, and a communications stack 22.
The data store 16 contains data on the network elements
managed by the element manager 12. The control section 18 is
responsible for retrieving data from, and writing data into,
the data store 16, and for generating commands to and
receiving responses from the element manager 12. The
commands and responses are generated by using a standardised
service known as the Common Management Information Service
(cMISs). The CMIS element 20 translates the commands and
responses into, and out of, data units of a standardised
protocol known as the Common Management Information Protocol
(CMIP). CMIS and CMIP are defined respectively in the
following two standards, namely, ISO/IEC/9595 and
I1S0O/IEC/9596. The communications stack 22 is responsible for
converting the CMIP data units into a form suitable for
transmission along a serial data link 24. The serial link 24

is established between the network manager 10 and the element
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manager 12 when it is desired to transﬁit data between them.
The communication stack 22 is available from Retix Inc of
Sainta Monica, California, USA. The general construction of
a network manager is known to those skilled in the art.

The element manager 12 is also implemented as 2
computer, the main software components cf which are shown in
Figure 1. These components include a data store 26 which
contains data on the netwdrk elements 14, a CMIS element 28
similar to the CMIS element 20, a communications stack 30
similar to the communications stack 22 and an interface 32
for converting instructions generated in the data store 26
into a form suitable for transmission along a serial data
1ink 34 to the network elements 14 and alsoAfor converting
data received from the network elements 14 along the data
iink 34 into a form suitable for transmission to the data
store 26. It will be observed that the CMIS element 28 and
the communications stack 30 together form an interface
between the data store 26 and the data link 24. The general
construction of an element manager is known to those skilled
in the art. The data store 26 embodies this invention and
will be described in further detail below. v

' It is known to provide an element manager for network
elements which does not have an interface for communication
with a network manager. If desired, the data store 26, CMIS
element 28 and the communication stack 30 may be combined
with such an element manager by providing a suitable
interface between the data store 26 and the element manager.

The data store 16 of the network manager 10 stores the
data on the individual network elements by using a technique
known as object-oriented programming. 1In this technigque, a
software module or object contains an image of the function
and attributes of a physical object such as a network element
or an abstract object.

The main services provided in CMIS are achieved by
issuing the following commands: a create command, a delete
comman@, a get command, a set command, an action command and

an event-report command. These commands will be explained
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with reference to the network management system of Figure 1.

A create command is a command issued by the network manager
10 to instruct the element manager 12 to create a software
object. A delete command is a command issued by the network
manager 10 to instruct the element manager 12 to delete 2
software object. A get command is issued by the netﬁork
manager 10 to the element manager 12 to obtain values of the
attributes of a particular software object. The set command
is issued by the network manager 10 to the element manager 12
in order to set the values of the attributes of a particular
object to specified values. An event-report is issued by the.
element manager 12 to the network manager 10 in order to
inform the network manager 10 of some event which has
occurred in a particular physical object managed by the
element manager 12. ' ’

CMIS also permits the network manager 10 to perform
what is known as a filtering operation on the data in data
store 26. In a filtering operation, the values of certain
attributes of certain software -objects are tested to
determine if they match specified values.

The software in the data store 26 is divided into
cells. Each cell has the same basic construction and the
construction of an exemplary cell 40 is shown in Figure 2.
The cell 40 has two parts, namely, a function part 42 and a
data part 44. The function part 42 specifies the functions
which are performed by the cell. The data part 44 contains
a set of variables. Each cell also has a unique identifier.

Each cell is connected to a number of other cells by
respective communication channels. Bach communication
channel is unigue to two cells and permits the two cells to
send messages to each other directly. Each message has the

following fields:
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Field Description

Communication Sending: identifier for the

Channel . communication channel on which the message

is to be sent
Receiving: identifier of the
communication channel on which message
was received

Cell . Sending: no use

Receiving: identifier of cell which sent
the message

Message Identity Identifier for the message

Reference A reference to identify this particular
message.

Data The data which is to be passed with the
message. ‘

Each cell contains a list of the identifers for the
communication channels to which it is connected and the
identifier for the cell connected to the other end of each
communication channel. |

To send a message to another cell along a
communication channel, the sending cell must specify the
communication channel along which the message will be sent,
the message identifier, a reference for the message and the
data of the message. The reference permits the receiving
cell to correlate messages of the same type arriving on 2
particular communication channel.

When a message is received, the receiving cell will be
in an operational state and will act on the message
accordingly. From the knowledge of the identifier for the
communication channel on which the message was received and
the 1list of communication channel identifiers and the
corresponding cell jdentifiers, the receiving cell will be
able to determine the identifier of the cell which sent the
message.

The specification for each cell, which is included in
the function part of the cell, specifies the types of message

which it can receive. If a cell attempts to send a message
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to another cell and the receiving cell is not prepared to
accept it because it is not one of the types of message which
it can accept, the message will not be sent and an error code
will be returned by the sending cell to the receiving cell.

The data store 26 nas a support system for the cells.
The support system is responsible for carrying message along
the communication channels and it is able to both create and
destroy communication channels.

The communication channels form the individual cells
into a network of cells. The network of cells itself is
divided into fdu; sub-networks. These comprise a first sub-
network of cells which collectively contain the information
which is necessary for managing the network elements, a
second sub-network of cells which 1is responsible for
cohtrolling the other cells, a third sub-network of cells
which is responsible for creating the cells of the first sub-

network, and a fourth sub-network of cells which 1is

‘responsible for performing the filter function described

above. The sub-network of cells which creates the cells of
the first sub-network is also responsible for creating the
cells of the fourth sub-network. These sub-networks will now
be described in turn.

As mentioned above, the first sub-network contains the
data which is necessary for ménaging the network elements.
The first sub-network views the network elements as a
collection of managed objects. Some of these managed objects
correspond exactly to network elements but other managed
objects correspond either to a set of network elements or an
abstract concept. For this reason, the first sub-network
will be described in terms of managed objects rather than
network elements.

The first sub-network contains a group of cells each
of which represents one of the managed objects.- Bach of
these cells is connected to a set of further cells by
communication channels, these further cells containing the
values of the attributes of the managed object. By way of

modification, the values of the attributes of each managed
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object may be stored in the data part of the corresponding
managed object cell. With this modification, attribute cells
are not provided.

The managed object cells are arranged 1in =a
hierarchical structure to form what is known as a management
information tree. One-of the managed object cells represents
what is known as the root of the management information tree.
Apart from the managed object cell which represents the root
of the management information tree, each managed object cell
is connected by & communicaticn channel to the managed object
cell which represents the managed object (the parent managed
object) which is immediately superior to the managed object
which it represents itself. Apart from the managed object
cells which represent the extremity of the managed
information tree, each managed>object cell is also connected
by a set of communication channels to corresponding set of
managed object cells which represent managed objecfs (child
managed objects) which are immediately inferior to the
managed object represented by the cell itself.

Referring to Figure 3, there is shown an example of a
managed object cell 50 which is connected by a set of
communication channels 51 to four cells 52 which contain the
values of the attributes of the managed object represented by
the managed object cell 50. The cell 50 is also connected by
a communication channel 53 to the managed object cell which
represents .the parent managed object of the managed object
represented Dby cell 50. Figure 3 also shows 2 set of
communication channels 54 for connecting the cell 50 to three
managed object cells which themselves represent managed
objects which are immediately inferior to t+he managed object
represented by 50.

Referring now to Figure 4, there is shown a set of
managed object cells arranged as a greatly simplified
management information tree. In Figure 4, the attribute
cells are omitted. The managed object cell of Figure 4
comprise a cell 60 which represents the root of the

management information tree, a cell 61 which represents the



WO 95/20297 PCT/GB95/00087

[}

yas

15

20

25

30

35

telecommunications network, cells 62, 63 and 64 which
respectively represent a circuit, a switch and a multiplexer
in the network, and cells 65, 66 and 67 which represent three
of the ports of the multiplexer represented by cell 64. The
child-parent relationship is evident from Figure 4. For
example, the network represented by cell 61 is a parent
managed object to the multiplexer represented by cell 64.
The communication channels between the individual cells are
indicated by reference numerals 68.

The data held in the data part of each managed object
cell includes the name of the managed object represented by
the cell, the idéntifier for the communication channel which
connects the cell to its parent cell, a 1list of the
identifiers for the communicétion channels which connect the
cell to its child cells, and a list of identifiers for the

communication channels which connect the cell to its

attribute cells together with a list of the attributes whose .

values are stored in the attribute cells.

The first sub-network also includes.a cell which has
a directory of the identifiers of all the managed object
cells and the names of the managed object which they
represent. ‘

Referring now to Figure 5, there is shown the second
sub-network, which is responsible for controlling the other
sub-networks, together with its relationship to the CMIS
element 28 and the interface 32. This sub-network has first
and second main cells 70, 72, a first group of bridge cells
74 and a second group of bridge cells 76. The first main
cell 70 is responsible for receiving messages from, and
sending messages to, the CMIS element 28. The second .main
cell A72 is responsible for receiving messages from, and
sending messages to, the interface 32.

Each of the bridge cells 74 is responsible for
transmitting messages between the two main cells 70 and 72.
These messages represent commands or confirmation of commands
and a further function of the bridge cells 74 is to check for

confirmation of a command. Thus, if the main cell 70
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transmits a message via one of the bridge cells 74 to the
main cell 72 relating to a command for a particular network
element to perform a speciiied function, the bridge cell 74
will check for confirmation that the command has been carried
out. .

The bridge cells 76 are responsible for transmitting
messages between the main cell 70 and the cells of the other
sub-networks. These messages =xrelate to the various CMIS
services; Consecuently, the bridge cells 76 are divided into
five types which are responsible, respectively, £for handling
create commands, delete demands, get commands, set commands
and event-report operations. Each of the bridge cells 76 is
connected to the main cell 70, the directory cell of the
first sub-network which is indicated in Figure 5 by reference
numeral 78, and the main cell of the third sub-network which
is indicated in Figure 5 by reference numeral 80.

The bridge cells 74 are created when required and then
destroyed after they have performed their function.

In Figure 5, the communication channels are indicated
by reference numeral 82.

Referring now to Figure 6, there are shown some cells
of the third sub-network. This sub-network comprises the
main cell 80 mentioned above and a large interconnected
network of managed object cells and their associated
attribute cells. For reasons of simplicity, Figure 6 shows
only three managed object cells, namely, cells 92, 94, and
96. The attribute cells are indicated by reference numeral.
98 and the communication channels are indicated by reference
numeral 100. The structure of the cells in thls sub- network
represents the general structure of +the various type of
managed object cells and their relationships toO their
attribute cells: The variables in the attribute cells are
set initially to default values.

When the main cell 80 receives a command to create a
new managed object cell, it instructs one of the managed
object cells in this sub-network, for example one of cells

92, 94 or 98, to reproduce itself together with its
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associated attribute cells. The managed object cell which
reproduces itself 'passes a message to the main cell 80
indicating the possible parent and child managed object cells
for the newly created managed object and this message is then
passed back to the main cell 70 of the second sub-network.
The second sub-network is then responsible for connecting the
newly created managed object cell at its corrects position in
relation to the existing managed object cells.

The fourth sub-network performs the filter operation
defined by CMIS. This sub-network is divided up into a
number of individual filters. Each filter contains a set of
cells for performing logical functions and a set of cells for
testing the values of the attributes held in attribute cells.
The logical functions afe AND, OR, and NOT. Thus the
functions cells are divided into AND-cells, OR-cells and NOT-
cells. The test cells can test if the value of an attribute
held in an attribute cell is equal, less than or greater than
a specified value. Filters are created by the third network
under the control of its main cell 80.

An example of a filter is shown in Figure 7. This
filter has an AND-cell 110, an OR-cell 112 and a NOT-cell
114, and three test cells 116, 118 and 120. The cells 110,
112, 114, 116, 118 and 120 are connected together by
communication channels 128 so as to perform the required
filter operation. The test cells 116, 118 and 120 are
connected to attribute cells 122, 124 and 126 Dby
communication channels 130. The AND-cell 110 is connected'
via a communication channel 132 to a bridge cell, ‘not shown,
in the second sub-network.

There will now be described a selection of scenarios
which serve to demonstrate the operation of the data store
26. _

In the first scenario, a new managed object cell is
created. This operation commences when the main cell 70 of
the second sub-network receives a message from the CMIS
element 28 instructing it to create a new managed object

cell. The message specifies the type of managed object cell
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and the value of the attributes of the cbject to Dbe
represented by the cell. The main cell 70 then builds a
bridge cell of the type which can perform the operation of
creating a new managed object cell. At this stage, the main
cell 70 is connected tc the bridge cell. The bridge cell is
then connected to the directory cell 78 ané also to the main
cell 80 of the third sub-network. The bridge cell is also
connected to the manaced object cell which represents the
root of the management information tree in which the new
object is located.

The third sub-network creates the new managed cbject
cell together with its associated attribute cells and the new
managed object cell is connected to the bridge cell. The
bridge cell then transmits the values of the attributes to
the new managed object cell which passes the values on to its
attribute cells where the values of the attributes are set to
the value specified.

The main cell 70 then sends a message to the directory
cell 78 via the bridge cell to obtain the identifier for the
cell which will be the parent of the new managed object cell.
The bridge cell is then connected to the parent cell and the
message is then sent to the parent cell +to instruct it to
adopt the newly created managed object cell.

The parent cell then connects itself to the new
managed object cell and the bridge cell together with its
associated communication channels is destroyed.

In the second scenario, a managed object cell 1is
destroyed.

This operation commences when the main cell 70 of the
second sub-network receives a message from the CMIS element
instructing it to destroy a particular managed object cell.
The main cell 70 then creates a bridge cell which is capable
of performing the function of destroying a cell. The bridge
cell then connects itself to the directory cell 78 to obtain
the identifier for the cell which is to be destroyed. Using
this identifier, the bridge cell then connects itself to the

managed object cell which to be destroyed and sends it a
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message to instfuct it to destroy itself. On receiving this
message, the managed object cell checks if it has any child
cells and, if so, instructs them to destroy themselves. The
managed object cell then destroys itself and a confirmation
message is sent via the bridge cell to the main cell 70. The
pridge cell then destroys itself. '

In the third scenario, the value of an attribute of a
particular managed object cell is obtained. This scenario
commences when the main cell 70 receives a reguest asking it
+o obtain the attribute value. It then creates a bridge cell
for performing the operation of getting the value of the
attribute. The bridge cell then connects.itself to the
directory cell 78 and obtains the identifier for the
particular managed object cell. The bridge cell connects
itself to the managed object cell and asks it to read the
value of the attribute concerned. The managed object cell
reads the value of the attribute and sends this via the
bridge cell to the main cell 70. The bridge cell then
destroys itself.

In the fourth scenario, an attribute of a particular
managed cell is set to a specified value. This scenario
commences when the main cell 70 receives a command
instructing it to set the attribute to the specified value.
It then builds a bridge cell for performing the operation of
setting an attribute to a specified value. The bridge cell
then connects itself to the directory cell 78 and obtains the
identifier of the particular managed object. Using this
identifier, the bridge cell connects itself to the managed
object cell and sends it an instruction to set the attribute
to the specified wvalue. When it has done this, the managed
object cell sends a confirmation message-via the bridge cell
to the main cell 70. The bridge cell then destroys itself.

The first to fourth scenarios described above
correspond, respectively, to the create, delete, get and set
services defined by CMIS.

There will now be described a scenario in which the

value of a particular attribute of a real managed object, for
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example the bandwidth of a circuit, is changed. This
scenario commences when the control section 18 of the network
controiier 10 sends a ccmmand to the CMIS element 20 to
instruct the attribute to be set to the specified value.
mhis command is transmitted to the main cell 70 which then
forms a bridge cell for connecting itself to the main cell
72. The message is then passed via the bridge cell to the
main cell 72 which, in turn, passes the message to the real ’
managed object.

The real managed object then sets its attribute to the
specified value and returns a confirmation message to the
main cell 72. fhis message is transmitted via the bridge
cell to the main cell 70. Following the procedure described
in the fourth scenario, the main cell 70 then sets the wvalue
of the attribute of the corresponding managed object cell to
the specified value. The main cell 70 then sends a
confirmation message back to the control section 18 of the
network controller 10.

If the real managed object. is unable to sets 1its
attribute to the specified value, it sets it to the nearest
possible value and includes this value in its confirmation
message. In these circumstances, the main cell 70 sets the
value of the attribute of the managed object cell to the
value which has been achieved by the real managed object and
returns this value in its confirmation message to the control

section 18.
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CLAIMS

1. An element manager £for managing individual network
elements of a communications network, said element manager
comprising a data store containing data on the individual
network elements, a first interface for connecting the data
store to a network manager, and a second interface for
connecting the éata store to the individual network elements,
caid data store comprising a network of cells some of which
represent respective individual network elements, each cell
being connected to at least one other cell by an individual
communicétion channel, each communication channel permitting

two cells to send messages to each other directly.

2. An element manager as claimed in claim 1, in which
each cell has a functional part which controls the function
of the cell and a data part which contains data.

3. An element manager as claimed in claim 1 or claim 2,
in which the data store includes a support system for the
network of cells, said support system including means for
creating communication channels and means for destroying

communication channels.

4. An element manager as claimed in any one of the
preceding claims, in which said network of cells includes a
sub-network of cells which collectively hold information for
managing individual network elements, said sub-network
comprising a group of cells arranged in a hierarchical
structure and each of which represents a respective one of
the network elements and another cell which contains a
mapping between the network elements and identifiers for the

cells which represent the network elements.

S. An element manager as claimed in claim 4, in which
each cell of said group of cells arranged in a hierarchical

structure is connected by a respective communication channel
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to at least one further cell which contains data on the

attributes of the network element represented by the cell.

6. An element manager as claimed in claim 4 or claim 5,
in which said aetwork of cells includes a sub-network of
cells for creating the cells which form saird group of cells

arranged in a hierarchical structure.

7. An element manager as claimed in any one of the
preceding claims, in which said network of cells includes .a
sub-network of cells for controlling the network of cells,
said control sub-network comprising a first main cell for
receiving messages from and transmitting messages to said
first interface, a second main cell for receiving messages
from and transmitting messageé to said second interface, at
jeast one cell which acts as a bridge for passing messages
between said first and second main cells, and a set of cells
which act as bridges for passing messages between said first
main cell and the cells of said network of cells which do not
form part of the control sub-network.

8. A management system for a telecommunications network
comprising a network manager, at least one element manager as
claimed in any one of the preceding claims, the or each
element manager deing connected to the network manager, and
a set of network elements connected to, and managed by, the

or each element manager.

9. A data store for containing data on individual
physical objects, said data store comprising a network of
cells some of which represent respective individual objects,
each cell being connected to at least one other cell by an
individual communication channel, each communication channel

permitting two cells to send messages to each other directly.
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10. A data store as claimed in claim 9, in which each cell
has a functional part which controls the function of the cell

and a data part which contains data.

e il A data store as claimed in claim 9 or claim 10,
including a support system for the network of cells, said
support system including means for creating communication

channels and means for destroying communication channels.
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